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ZOOM LENS AND IMAGE PICKUP 
APPARATUS EQUIPPED WITH SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The present application is based upon and claims the ben 
e?t of priority from the prior Japanese Patent Application No. 
2007-317005 ?led on Dec. 7, 2007; the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a Zoom lens and an image 

pickup apparatus equipped With the same. 
2. Description of the Related Art 
In recent years, digital cameras that pick up an image of an 

object using an image pickup element such as a CCD or 
CMOS sensor have replaced ?lm cameras to become the 
mainstream. 
Among such digital cameras, cameras of a type that is 

small in siZe With respect to the thickness direction (i.e. direc 
tion along the optical axis) to facilitate portability have been 
favored. 
On the other hand, although Zoom ratios of Zoom lenses 

used in compact digital cameras are typically about three, 
Zoom lenses having higher Zoom ratios are demanded 
recently. 

There is a knoWn type of Zoom lens that can easily achieve 
a high Zoom ratio, that is, a Zoom lens having three or more 
lens units including, in order from the object side thereof, a 
?rst lens unit having a positive refracting poWer, a second lens 
unit having a negative refracting poWer and a rear group 
having a positive refracting poWer, the lens unit located clos 
est to the object side in the rear group being a third lens unit 
having a positive refracting poWer. 

For example, Japanese Patent Application Laid-Open Nos. 
2005-242116, 2005-326743 and 2006-78979 disclose Zoom 
lenses having a Zoom ratio of about 4.5. Furthermore, Japa 
nese Patent Application Laid-Open Nos. 2006-171055 and 
2006-133631 disclose Zoom lenses having a higher Zoom 
ratio of about 10. 

SUMMARY OF THE INVENTION 

A Zoom lens according to one aspect of the present inven 
tion comprises, in order from the object side thereof: 

a ?rst lens unit having a positive refracting poWer; 
a second lens unit having a negative refracting poWer: 
a third lens unit having a positive refracting poWer; and 
a fourth lens unit having a refracting poWer, Wherein 
the Zoom lens further comprises an aperture stop disposed 

closer to the image side than the second lens unit and closer to 
the object side than the lens surface closest to the image side 
in the third lens unit, 

during Zooming from the Wide angle end to the telephoto 
end in the state in Which the Zoom lens is focused at the 
farthest distance, the distance betWeen the ?rst lens unit and 
the second lens unit is larger at the telephoto end than at the 
Wide angle end, the distance betWeen the second lens unit and 
the third lens unit is smaller at the telephoto end than at the 
Wide angle end, the distance betWeen the third lens unit and 
the fourth lens unit changes, the ?rst lens unit, the third lens 
unit and the aperture stop move in such a Way that they are 
located closer to the object side at the telephoto end than at the 
Wide angle end, 
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2 
When a lens component is de?ned as a lens member Whose 

surfaces that are in contact With air on an optical axis include 
only tWo surfaces, one being an incidence side surface and the 
other being an exit side surface, the ?rst lens unit comprises 
one lens component, and the total number of lens components 
included in the ?rst lens unit is one, 

the third lens unit comprises a positive lens and a negative 
lens, and 

the Zoom lens satis?es the folloWing conditions: 

Where, AGl is the amount of displacement, on the optical axis, 
of the position of the ?rst lens unit at the telephoto end With 
respect to the position thereof at the Wide angle end, Wherein 
displacements toWard the object side at the telephoto end are 
represented by positive values, AG3 is the amount of displace 
ment, on the optical axis, of the position of the third lens unit 
at the telephoto end With respect to the position thereof at the 
Wide angle end, Wherein displacements toWard the object side 
at the telephoto end are represented by positive values, (1)3 is 
the lens siZe in the third lens unit represented by the maximum 
value of the length from one edge to another of the lens 
measured along a straight line containing a point through 
Which the optical axis passes and perpendicular to the optical 
axis, (1)4 is the lens siZe in the fourth lens unit represented by 
the maximum value of the length from one edge to another of 
the lens measured along a straight line containing a point 
through Which the optical axis passes and perpendicularto the 
optical axis, fW is the focal length of the entire Zoom lens 
system at the Wide angle end, and ft is the focal length of the 
entire Zoom lens system at the telephoto end. 
An image pickup apparatus according to another aspect of 

the present invention comprises a Zoom lens as described 
above, and an image pickup element disposed on the image 
side of the Zoom lens that converts an image formed by the 
Zoom lens into an electrical signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to 1C are cross sectional vieWs of a Zoom lens 

according to a ?rst embodiment of the present invention in the 
state in Which the Zoom lens is focused on a object point at 
in?nity respectively at the Wide angle end (FIG. 1A), in an 
intermediate Zoom state (FIG. 1B) ant at the telephoto end 
(FIG. 1C); 

FIGS. 2A, 2B, and 2C are cross sectional vieWs similar to 
FIGS. 1A to 1C shoWing a Zoom lens according to a second 
embodiment of the present invention; 

FIGS. 3A, 3B, and 3C are cross sectional vieWs similar to 
FIGS. 1A to 1C shoWing a Zoom lens according to a third 
embodiment of the present invention; 

FIGS. 4A, 4B and 4C are aberration diagrams of the Zoom 
lens according to the ?rst embodiment in the state in Which 
the Zoom lens is focused on an object point at in?nity; 

FIGS. 5A, 5B and 5C are aberration diagrams of the Zoom 
lens according to the second embodiment in the state in Which 
the Zoom lens is focused on an object point at in?nity; 

FIGS. 6A, 6B and 6C are aberration diagrams of the Zoom 
lens according to the third embodiment in the state in Which 
the Zoom lens is focused on an object point at in?nity. 

FIGS. 7A, 7B and 7C are cross sectional vieWs of the Zoom 
lenses according to the ?rst, the second and the third embodi 
ment respectively in the state in Which lens barrel is collapsed. 
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FIG. 8 is a diagram illustrating correction of distortion; 
FIG. 9 is a front perspective vieW showing an outer appear 

ance of a digital camera equipped With a Zoom lens according 
to the present invention; 

FIG. 10 is a rear perspective vieW of the digital camera; 
FIG. 11 is a cross sectional vieW of the digital camera; and 
FIG. 12 is a block diagram of an internal circuit of a 

principal portion of the digital camera. 

DETAILED DESCRIPTION OF THE INVENTION 

The Zoom lens according to the present invention includes, 
in order from the object side thereof: 

a ?rst lens unit having a positive refracting poWer; 
a second lens unit having a negative refracting poWer; 
a third lens unit having a positive refracting poWer; 
a fourth lens unit having a refracting poWer; and 
an aperture stop disposed closer to the image side than the 

second lens unit and closer to the object side than the lens 
surface closest to the image side in the third lens unit, Wherein 

during Zooming from the Wide angle end to the telephoto 
end in the state in Which the Zoom lens is focused at the 
farthest distance, the distance betWeen the ?rst lens unit and 
the second lens unit is larger at the telephoto end than at the 
Wide angle end, the distance betWeen the second lens unit and 
the third lens unit is smaller at the telephoto end than at the 
Wide angle end, the distance betWeen the third lens unit and 
the fourth lens unit changes, and the ?rst lens unit, the third 
lens unit and the aperture stop move in such a Way that they 
are located closer to the object side at the telephoto end than 
at the Wide angle end, 
When a lens component is de?ned as a lens member Whose 

surfaces that are in contact With air on an optical axis include 
only tWo surfaces, one being an incidence side surface and the 
otherbeing an exit side surface, the ?rst lens unit is composed 
of one lens component, 

the third lens unit has tWo lenses including a positive lens 
and a negative lens, and 

the Zoom lens satis?es the folloWing conditions: 

8.0<f/fW<25.0 (3) 

Where, AG 1 is the amount of displacement, on the optical axis, 
of the position of the ?rst lens unit at the telephoto end With 
respect to the position thereof at the Wide angle end, Wherein 
displacements toWard the object side at the telephoto end are 
represented by positive values, AG3 is the amount of displace 
ment, on the optical axis, of the position of the third lens unit 
at the telephoto end With respect to the position thereof at the 
Wide angle end, Wherein displacements toWard the object side 
at the telephoto end are represented by positive values, (1)3 is 
the lens siZe in the third lens unit represented by the maximum 
value of the length from one edge to another of the lens 
measured along a straight line containing a point through 
Which the optical axis passes and perpendicular to the optical 
axis, (1)4 is the lens siZe in the fourth lens unit represented by 
the maximum value of the length from one edge to another of 
the lens measured along a straight line containing a point 
through Which the optical axis passes andperpendicular to the 
optical axis, fW is the focal length of the entire Zoom lens 
system at the Wide angle end, and ft is the focal length of the 
entire Zoom lens system at the telephoto end. 

Locating the ?rst lens unit closer to the object side at the 
telephoto end than at the Wide angle end is advantageous in 
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4 
providing an adequate magni?cation change by a change in 
the distance betWeen the ?rst lens unit and the second lens 
unit. 
By locating the third lens unit closer to the object side at the 

telephoto end than at the Wide angle end, the third lens unit 
also provides a magni?cation change, Which is advantageous 
in increasing the Zoom ratio. 

In this scheme of magni?cation change, the aperture stop is 
also moved toWard the object side as With the third lens unit, 
Whereby the position of the exit pupil is shifted aWay from the 
image plane during Zooming from the Wide angle end. In 
addition it becomes easy to provide an adequately large Zoom 
range in Which good telecentricity of the Zoom lens is 
achieved. The aperture stop is located in the vicinity of the 
third lens unit, and the aperture stop is designed to have a 
locus of movement similar to or the same as that of the third 
lens unit. This also facilitates reduction in the siZe of the third 
lens unit and reduction in the entire length of the Zoom lens at 
the Wide angle end. 

To achieve a further siZe reduction, the ?rst lens is com 
posed of one positive lens component. In the ?rst lens unit, the 
height of the incident rays is high in a Zoom range near the 
Wide angle end. An increase in the number of lens component 
in this lens unit, in particular, leads to an increase in the siZe 
With respect to both the thickness direction (i.e. the direction 
along the optical axis) and the diametrical direction. In vieW 
of this, it is preferred that the ?rst lens unit be composed of 
one lens component. 
The third lens unit tends to be designed to have a high 

refracting poWer in order to provide an adequate magni?ca 
tion change. Having a positive lens and a negative lens in the 
third lens unit facilitates cancellation of aberrations generated 
in the respective lenses. Thus, in?uences of aberrations can be 
readily reduced. 

Conditional expression (1) restricts the range of values for 
the ratio of the movement amounts of the ?rst lens unit and the 
third lens unit. 
By designing the Zoom lens in such a Way that the loWer 

limit of conditional expression (1) is not exceeded, the move 
ment amount of the third lens unit is prevented from becom 
ing unduly large. This facilitates reduction of variations in 
aberrations during Zooming. On the other hand, by making 
the amount of movement of the ?rst lens unit toWard the 
object side large, the ?rst lens unit and the second lens unit are 
prevented from largely extending toWard the object side at the 
Wide angle end. This facilitates reduction of the effective 
diameter and is advantageous in reducing the diameter of the 
Zoom lens. 

By designing the Zoom lens in such a Way that the upper 
limit of conditional expression (1) is not exceeded, the move 
ment amount of the ?rst lens unit is prevented from becoming 
unduly large. This is advantageous in reducing the entire 
length of the Zoom lens in the Zoom range near the telephoto 
end. This is also advantages in reducing the thickness of the 
lens barrel for driving the Zoom lens and the number of stages 
of collapse. Thus, the siZe of the Zoom lens in the state in 
Which the lens barrel is collapsed can be advantageously 
made small. 

Conditional expression (2) restricts the range of values for 
the ratio of the siZe of the third lens unit and the siZe of the 
fourth lens unit. 

It is preferred that the Zoom lens be designed in such a Way 
that the loWer limit of conditional expression (2) is not 
exceeded so that the third lens unit has a siZe large enough to 
provide an adequate quantity of light, or that the siZe of the 
fourth lens unit is prevented from becoming large. 
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By designing the Zoom lens in such a Way that the upper 
limit of conditional expression (2) is not exceeded, the ray 
height of marginal rays can be made small. This is advanta 
geous in reducing spherical aberration and coma. Further 
more, by making the siZe of the third lens unit smaller With 
respect to the diametrical direction, its siZe With respect to the 
thickness direction can also easily be made small. This is 
advantageous in reducing the siZe of the Zoom lens in the state 
in Which the lens barrel is collapsed. 

Conditional expression (3) restricts the range of values for 
the Zoom ratio of the Zoom lens. 

It is preferred to design the Zoom lens in such a Way that the 
loWer limit of conditional expression (3) is not exceeded to 
thereby achieve an adequate Zoom ratio so that the Zoom lens 
can be used suitably in various shooting situations. 
By designing the Zoom lens in such a Way that the upper 

limit of conditional expression (3) is not exceeded, the num 
ber of lenses is not required to be made large in order to reduce 
aberrations necessitated by increased refracting poWers of the 
respective lens units. This is advantageous in reducing the 
siZe of the Zoom lens in the state in Which the lens barrel is 
collapsed. 

It is more preferred that at least one of the folloWing fea 
tures be adopted in addition to the above described basic 
features. 

It is preferred that the lens component included in the ?rst 
lens unit be a cemented lens composed of a biconvex positive 
lens and a negative lens. This is advantageous in reducing 
on-axis chromatic aberration of the ?rst lens unit that tends to 
be conspicuous in a Zoom range near the telephoto end. Using 
a cemented lens makes it easier to reduce decentering aber 
rations generated due to decentering of lenses relative to each 
other than using a positive lens and a negative lens that are 
disposed separately. 

It is also preferred that the lens component in the ?rst lens 
unit be a positive lens element having a biconvex shape. By 
this feature, the positive refracting poWer of the ?rst lens unit 
is shared by a plurality of surfaces. This is advantageous in 
reducing aspherical aberration of the ?rst lens unit that tends 
to be conspicuous in a Zoom range near the telephoto end. 

It is also preferred that the second lens unit have a plurality 
of negative lenses and at least one positive lens. 
By this feature, the negative refracting poWer of the second 

lens unit that provides a large amount of magni?cation 
change can be shared by the plurality of negative lenses, and 
aberrations can be cancelled by the aforementioned at least 
one positive lens. Thus, this feature is advantageous in reduc 
ing spherical aberration, chromatic aberration and off-axis 
aberration of the second lens unit. 

It is also preferred that the second lens unit be composed of 
tWo lens components, one being an object side lens compo 
nent having a concave surface directed toWard the image side 
and having a negative refracting poWer and the other being an 
image side lens component having a concave surface directed 
toWard the image side, Which are arranged in the mentioned 
order from the object side, namely the total number of lens 
components included in the second lens unit be tWo, and the 
image side lens component include a positive lens and a 
negative lens. 

This makes it easy to locate a principal point of the second 
lens unit at a position closer to the object side. This is advan 
tageous in making the siZe of the second lens unit smaller. 
This is also advantageous in correcting off-axis aberrations, 
chromatic aberration and spherical aberration in a Zoom 
range near the Wide angle end. In addition, since the positive 
lens and the negative lens are cemented together, it becomes 
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6 
easy to reduce generation of decentering aberrations due to 
decentering of the lenses With each other. 

It is also preferred that the third lens unit be composed of 
tWo lens component, one being a positive lens component 
having a positive refracting poWer and the other being a 
negative lens component having a negative refracting poWer, 
Which are arranged in the mentioned order from the object 
side, namely the total number of lens components included in 
the third lens unit be tWo. This feature is advantageous in 
correcting chromatic aberration, in reducing the siZe and in 
achieving a higher Zoom ratio. 

It is also preferred that the third lens unit be composed of 
tWo lens components, one being a biconvex positive lens 
component having a convex surface directed toWard the 
object side and the other being a meniscus negative lens 
component having a convex surface directed toWard the 
object side, Which are arranged in the mentioned order from 
the object side, namely the total number of lens components 
in the third lens unit be tWo. 

This makes it easy to locate a principal point of the third 
lens unit at a position closer to the object side. This is advan 
tageous in providing an adequate magni?cation change rela 
tive to the amount of movement of the third lens unit. By 
having three lens surfaces having positive refracting poWers 
in the third lens unit, the effective diameter of the third lens 
unit can be made small. In addition, this feature is advanta 
geous in reducing spherical aberration. 

It is also preferred that the lens located closest to the object 
side in the third lens unit be a biconvex positive lens having an 
object side surface that has an paraxial curvature larger than 
the paraxial curvature of its image side surface, and this lens 
satisfy the folloWing condition: 

75<v31<96 (4) 

Where v31 is the Abbe number of the biconvex positive lens 
located closest to the object side in the third lens unit. 

Using a biconvex positive lens having an object side sur 
face that has a high refracting poWer as the lens located closest 
to the object side in the third lens unit facilitates correction of 
spherical aberration and coma. 

Conditional expression (4) speci?es preferred values of the 
Abbe number of the biconvex positive lens located closest to 
the object side in the third lens unit. 

Designing this lens in such a Way that the loWer limit of 
conditional expression (4) is not exceeded facilitates reduc 
tion of chromatic aberration in the third lens unit. 

Designing this lens in such a Way that the upper limit of 
conditional expression (4) is not exceeded facilitates reduc 
tion of anomalous dispersion and reduction of secondary 
spectrum. 

It is also preferred that the fourth lens unit be composed of 
one lens having an aspheric surface, namely the total number 
of lenses included in the fourth lens unit be one, and this lens 
have a convex image side surface having a paraxial curvature 
that is larger in the ab solute value than the paraxial curvature 
of its object side surface. This is advantageous in correcting 
curvature of ?eld. 

Furthermore, it is preferred that the fourth lens unit be 
composed of a meniscus lens having a positive refracting 
poWer. This facilitates reduction of variations in the angle of 
incidence of rays on the image pickup element throughout the 
Zoom range from the Wide angle end to the telephoto end. 

It is also preferred that the folloWing condition be satis?ed: 
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Where TLt is the actual distance on the optical axis from the 
object side surface of the ?rst lens unit to the image plane at 
the telephoto end, and ft is the focal length of the entire Zoom 
lens system at the telephoto end. 

Conditional expression (5) speci?es preferred values for 
the actual distance on the optical axis from the object side 
surface of the ?rst lens unit to the image plane at the telephoto 
end. 
By designing the Zoom lens in such a Way that the loWer 

limit of conditional expression (5) is not exceeded, the 
refracting poWer of the second lens unit can be readily made 
small. This is advantageous in reducing aberrations. On the 
other hand, the entire length of the Zoom lens at the Wide angle 
end and the siZe of the ?rst and the second lens units With 
respect to the diametrical direction can easily be made small 
While achieving an adequate Zoom ratio. 

Designing the Zoom lens in such a Way that the upper limit 
of the conditional expression (5) is not exceeded is advanta 
geous in making the siZe of the Zoom lens in the Zoom range 
near the telephoto end. 

It is also preferred that during Zooming from the Wide angle 
end to the telephoto end, the aperture stop move integrally 
With the third lens unit. This facilitates reduction of the effec 
tive diameter of the third lens unit. In addition, this is advan 
tageous in reducing the cost, since the drive mechanism can 
be made simple. 

It is also preferred that the third lens unit satisfy the fol 
loWing condition: 

0.03<D3G/TL,<0.07 (6) 

Where D3 G is the thickness of the third lens unit on the optical 
axis, and TL is the actual distance on the optical axis from the 
object side surface of the ?rst lens unit to the image plane at 
the telephoto end. 

According to the present invention, the diameter of the 
third lens can be made small. Therefore, even When the thick 
ness of the third lens unit on the optical axis is made inten 
tionally small, the third lens unit can easily be designed to 
have an adequate refracting poWer. 

Conditional expression (6) speci?es preferred values for 
the thickness of the third lens unit on the optical axis. 
By designing the third lens unit in such a Way that the loWer 

limit of conditional expression (6) is not exceeded, the thick 
ness of the third lens unit is prevented from becoming unduly 
small. It is preferred that by this design, the third lens unit 
achieve reduction of off-axis aberrations and have an 
adequate refracting poWer. 

Designing the third lens unit in such a Way that the upper 
limit of conditional expression (6) is not exceeded is advan 
tageous in making the siZe of the third lens unit small and in 
providing a space for movement of the third lens unit during 
Zooming. 

It is also preferred that the third lens unit satisfy the fol 
loWing condition: 

0.13<f3G//’,<0.22 (7) 

Where f3G is the focal length of the third lens unit, and ft is the 
focal length of the entire Zoom lens system at the telephoto 
end. 

Conditional expression (7) speci?es preferred refracting 
poWers for the third lens unit. 

The refracting poWer of the third lens unit is restricted 
appropriately so that the loWer limit of conditional expression 
(7) is not exceeded. This facilitates reduction of spherical 
aberration and coma in the third lens unit. 
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8 
By designing the third lens unit in such a Way that the upper 

limit of conditional expression (7) is not exceeded, the third 
lens unit has an adequate refracting poWer, Which is advanta 
geous in providing an adequate magni?cation change by the 
third lens unit. 
An image pickup apparatus according to the present inven 

tion comprises at least any one of the above described Zoom 
lenses and an image pickup element disposed on the image 
side of the Zoom lens that converts an image formed by the 
Zoom lens into an electrical signal. Thus, an image pickup 
apparatus equipped With a Zoom lens that is small in siZe in 
the state in Which the lens barrel is collapsed and can readily 
have a high Zoom ratio can be provided. 

Furthermore, it is preferred that the image pickup appara 
tus be provided With an image processing section that per 
forms signal processing for correcting aberrations contained 
in the image represented by the electrical signal. This is 
advantageous in further reducing the siZe of the Zoom lens 
and in reducing the cost, since aberrations of the Zoom lens 
are alloWed to be left. 

In the case Where the Zoom lens has a focusing function, the 
conditional expressions presented above should be regarded 
as conditions in the state in Which the Zoom lens is focused on 
an object at the farthest distance. 

Focusing operation from an object at a long distance to an 
object at a short distance may be performed by advancing the 
?rst lens unit, advancing the entire Zoom lens or moving the 
second and/or third lens unit. To reduce the load on driving for 
focusing, it is preferred that the focusing be performed by 
moving the fourth lens unit having a positive refracting or 
negative refracting poWer. 

It is also preferred that tWo or more of the above described 
features be adopted at the same time. 

It is more preferred that limit values in the above-men 
tioned conditional expressions be as folloWs. 
As to conditional expression (1), it is more preferred that 

the loWer limit value be 1 .0. It is more preferred that the upper 
limit value be 1.4. 
As to conditional expression (2), it is more preferred that 

the loWer limit value be 0.2. It is more preferred that the upper 
limit value be 0.3. 
As to conditional expression (3), it is more preferred that 

the loWer limit value be 9.0. It is more preferred that the upper 
limit value be 22.0. 
As to conditional expression (4), it is more preferred that 

the loWer limit value be 80. It is more preferred that the upper 
limit value be 85. 
As to conditional expression (5), it is more preferred that 

the loWer limit value be 0.65. It is more preferred that the 
upper limit value be 0.87. 
As to conditional expression (6), it is more preferred that 

the loWer limit value be 0.035. It is more preferred that the 
upper limit value be 0.065. 
As to conditional expression (7), it is more preferred that 

the loWer limit value be 0.14. It is more preferred that the 
upper limit value be 0.2. 

In the above-described modes of the invention, it is more 
preferred that some of the conditions, Which may be selected 
arbitrarily, be satis?ed at the same time. In the more preferred 
numerical range limitations by each of the conditional 
expressions presented just above, limitation by only the upper 
limit value or the loWer limit value may be applied. Further 
more, the various features described above may be adopted in 
any possible combination. 

In the folloWing, embodiments of the Zoom lens and the 
image pickup apparatus according to the present invention 
Will be described in detail With reference to the draWings. It 
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should be understood, however, that the present invention is 
not limited by the embodiments. The Zoom lens according to 
each embodiment has an adequately large angle of ?eld at the 
Wide angle end and has a third lens unit that is small in siZe 
While having a high Zoom ratio, and thus the Zoom lens is 
advantageous in reduction of the siZe in the state in Which the 
lens barrel is collapsed. 

In the following, ?rst to third embodiments of the Zoom 
lens according to the present invention Will be described. 
FIGS. 1A to 1C, 2A to 2C and 3A to 3C are cross sectional 
vieWs of the Zoom lenses according to the ?rst to the third 
embodiments respectively at the Wide angle end (FIGS. 1A, 
2A and 3A), in an intermediate focal length state (FIGS. 1B, 
2B and 3B) and at the telephoto end (FIGS. 1C, 2C and 3C) in 
the state in Which the Zoom lenses are focused on an object 
point at in?nity. In FIGS. 1A to 1C, 2A to 2C and 3A to 3C, 
a ?rst lens unit is denoted by G1, a second lens unit is denoted 
by G2, an aperture stop is denoted by S, a third lens unit is 
denoted by G3, a fourth lens unit is denoted by G4, a plane 
parallel plate having Wavelength range restriction coating 
applied thereon that blocks or reduces infrared light to con 
stitute a loW pass ?lter is denoted by F, a plane parallel plate 
constituting a cover glass for an electronic image pickup 
element is denoted by C, and the image plane is denoted by I. 
The cover glass C may have multi-layer coating for Wave 
length range restriction applied on its surface. The cover glass 
C may be designed to have a function of a loW pass ?lter. 

In each embodiment, the aperture stop S moves integrally 
With the third lens unit G3. All the numerical data presented 
beloW are for the state in Which the Zoom lens is focused on an 
object at in?nity. In the numerical data, dimensions are in mm 
(millimeters) and angles are in degrees. In all the embodi 
ments, focusing is performed by moving the lens unit located 
closest to the image side. Zoom data Will be presented for the 
Wide angle end (WE), the intermediate focal length state (ST) 
and the telephoto end (TE). 

In the Zoom lenses according to the ?rst to the third 
embodiments described beloW, the effective image pickup 
area has a constant rectangular shape at all the Zoom posi 
tions. As described above, all the numerical values associated 
With conditional expressions presented beloW for each 
embodiment are for the state in Which the Zoom lens is 
focused on an object point at in?nity. 

Focusing operation from an object at a long distance to an 
object at a short distance is performed by moving the fourth 
lens unit toWard the object side. As described above, the plane 
parallel plates including a loW pass ?lter having IR cut coat 
ing applied thereon and a CCD cover glass. 
As shoWn in FIGS. 1A to 1C, the Zoom lens according to 

the ?rst embodiment has a ?rst lens unit G1 having a positive 
refracting poWer, a second lens unit G2 having a negative 
refracting poWer, an aperture stop S, a third lens unit G3 
having a positive refracting poWer and a fourth lens unit G4 
having a positive refracting poWer, Which are arranged in the 
mentioned order from the object side. 

During Zooming from the Wide angle end to the telephoto 
end, the ?rst lens unit G1 moves only toWard the object side. 
The second lens unit G2, the third lens unit G3 and the fourth 
lens unit G4 move along loci that are convex toWard the object 
side. The fourth lens unit G4 is located closer to the image 
side at the telephoto end than at the Wide angle end to increase 
the magni?cation. 

The ?rst lens unit G1 is composed of a cemented lens 
composed, in order from the object side, of a negative menis 
cus lens having a convex surface directed toWard the object 
side and a positive meniscus lens having a convex surface 
directed toWard the object side. The second lens unit G2 is 
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10 
composed, in order from the object side, of a biconcave 
negative lens, and a cemented lens composed of a biconvex 
positive lens and a biconcave negative lens. The third lens unit 
G3 is composed, in order from the object side, of a biconvex 
positive lens and a negative meniscus lens having a convex 
surface directed toWard the object side. The fourth lens unit 
G4 is composed of a positive meniscus lens having a convex 
surface directed toWard the image side. 

Aspheric surfaces are used in the image side surface of the 
positive meniscus lens having a convex surface directed 
toWard the object side in the ?rst lens unit G1, both surfaces 
of the biconcave negative lens in the second lens unit G2, the 
image side surface of the biconcave negative lens located 
closest to the image side in the second lens unit G2, both 
surfaces of the biconvex positive lens in the third lens unit G3, 
the image side surface of the negative meniscus lens having a 
convex surface directed toWard the object side in the third lens 
unit G3, and the image side surface of the positive meniscus 
lens having a convex surface directed toWard the image side in 
the fourth lens unit G4, namely there are eight aspheric sur 
faces. 
As shoWn in FIGS. 2A to 2C, the Zoom lens according to 

the second embodiment has a ?rst lens unit G1 having a 
positive refracting poWer, a second lens unit G2 having a 
negative refracting poWer, an aperture stop S, a third lens unit 
G3 having a positive refracting poWer and a fourth lens unit 
G4 having a positive refracting poWer, Which are arranged in 
the mentioned order from the object side. 

During Zooming from the Wide angle end to the telephoto 
end, the ?rst lens unit G1 moves only toWard the object side. 
The second lens unit G2, the third lens unit G3 and the fourth 
lens unit G4 move along loci that are convex toWard the object 
side. The fourth lens unit G4 is located closer to the image 
side at the telephoto end than at the Wide angle end to increase 
the magni?cation. 
The ?rst lens unit G1 is composed of a cemented lens 

composed, in order from the object side, of a negative menis 
cus lens having a convex surface directed toWard the object 
side and a positive meniscus lens having a convex surface 
directed toWard the object side. The second lens unit G2 is 
composed, in order from the object side, of a biconcave 
negative lens, and a cemented lens composed of a biconvex 
positive lens and a biconcave negative lens. The third lens unit 
G3 is composed, in order from the object side, of a biconvex 
positive lens and a negative meniscus lens having a convex 
surface directed toWard the object side. The fourth lens unit 
G4 is composed of a positive meniscus lens having a convex 
surface directed toWard the image side. 

Aspheric surfaces are used in the image side surface of the 
positive meniscus lens having a convex surface directed 
toWard the object side in the ?rst lens unit G1, both surfaces 
of the biconcave negative lens in the second lens unit G2, the 
image side surface of the biconcave negative lens located 
closest to the image side in the second lens unit G2, both 
surfaces of the biconvex positive lens in the third lens unit G3, 
the image side surface of the negative meniscus lens having a 
convex surface directed toWard the object side in the third lens 
unit G3, and the image side surface of the positive meniscus 
lens having a convex surface directed toWard the image side in 
the fourth lens unit G4, namely there are eight aspheric sur 
faces. 

As shoWn in FIGS. 3A to 3C, the Zoom lens according to 
the third embodiment has a ?rst lens unit G1 having a positive 
refracting poWer, a second lens unit G2 having a negative 
refracting poWer, an aperture stop S, a third lens unit G3 
having a positive refracting poWer and a fourth lens unit G4 
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having a positive refracting power, Which are arranged in the 
mentioned order from the object side. 

During Zooming from the Wide angle end to the telephoto 
end, the ?rst lens unit G1 moves only toWard the object side. 
The second lens unit G2, the third lens unit G3 and the fourth 
lens unit G4 move along loci that are convex toWard the object 
side. The fourth lens unit G4 is located closer to the image 
side at the telephoto end than at the Wide angle end to increase 
the magni?cation. 

The ?rst lens unit G1 is composed of a cemented lens 
composed, in order from the object side, of a negative menis 
cus lens having a convex surface directed toWard the object 
side and a positive meniscus lens having a convex surface 
directed toWard the object side. The second lens unit G2 is 
composed, in order from the object side, of a biconcave 
negative lens, and a cemented lens composed of a negative 
meniscus lens having a convex surface directed toWard the 
object side and a positive meniscus lens having a convex 
surface directed toWard the object side. The third lens unit G3 
is composed, in order from the object side, of a biconvex 
positive lens and a negative meniscus lens having a convex 
surface directed toWard the object side. The fourth lens unit 
G4 is composed of a positive meniscus lens having a convex 
surface directed toWard the image side. 

Aspheric surfaces are used in the image side surface of the 
positive meniscus lens having a convex surface directed 
toWard the object side in the ?rst lens unit G1, both surfaces 
of the biconcave negative lens in the second lens unit G2, the 
object side surface of the negative meniscus lens in the second 
lens unit G2, both surfaces of the biconvex positive lens in the 
third lens unit G3, the image side surface of the negative 
meniscus lens having a convex surface directed toWard the 
object side in the third lens unit G3, and the image side surface 
of the positive meniscus lens having a convex surface directed 
toWard the image side in the fourth lens unit G4, namely there 
are eight aspheric surfaces. 

In fourth to sixth embodiments, the Zoom lenses according 
to the ?rst to the third embodiments are respectively used in 
image pickup apparatuses that have a function of correcting 
distortion electrically, Wherein the shape of the effective 
image pickup area is changed during Zooming. Therefore, in 
the fourth to the sixth embodiments, the image height and the 
angle of ?eld at a Zoom position are different from those in the 
respective corresponding embodiments. 

In the fourth to the sixth embodiments, barrel distortion 
that appears at Wide angle Zoom positions is corrected elec 
trically, and a thus-corrected image is recorded or displayed. 
Correction of chromatic aberration of magni?cation can also 
be corrected electrically by correcting distortion for each of 
the color signals of R (red), G (green) and B (blue). 

In the Zoom lenses according to the embodiments, barrel 
distortion appears on the rectangular photoelectric conver 
sion surface, at the Wide angle end. Whereas, at the telephoto 
end and at Zoom positions near the intermediate focal length 
state, distortion is suppressed. 

To correct distortion electrically, the effective image 
pickup area is designed to have a barrel shape at the Wide 
angle end and a rectangular shape in the intermediate focal 
length state and at the telephoto end. In addition, the effective 
image pickup area, Which has been set in advance, is trans 
formed into rectangular image information With reduced dis 
tortion by image transformation using image processing. 

The maximum image height IHW at the Wide angle end is 
designed to be smaller than the maximum image height IHS in 
the intermediate focal length state and the maximum image 
height IHt at the telephoto end. 
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12 
In the fourth to the sixth embodiments, the effective image 

pickup area is designed in such a Way that the effective image 
pickup area at the Wide angle end has a dimension in the 
shorter side direction equal to the dimension in the shorter 
side direction of the photoelectric conversion surface, and a 
distortion of approximately —2% remains after image pro 
cessing. As a matter of course, a barrel shaped area smaller 
than that described above may be set as the effective image 
pickup area, and image resulting from transformation of this 
area into a rectangular area may be recorded/reproduced. 

Numerical data of each embodiment described above is 
shoWn beloW. Apart from symbols described above, f denotes 
a focal length of the entire Zoom lens system, FNO denotes an 
F number, (n denotes a half image angle, WE denotes a Wide 
angle end, ST denotes an intermediate state, TE denotes a 
telephoto end, each of r1, r2, . . . denotes radius of curvature 
of each lens surface, each of d1, d2, . . . denotes a distance 

betWeen tWo lenses, each of nd1, nd2, . . . denotes a refractive 

index of each lens for ad-line, and each of vd1, vd2, . . . 
denotes an Abbe’s number for each lens. 

The overall length of the lens system Which Will be 
described later is a length Which is obtained by adding the 
back focus to a distance from the ?rst lens surface up to the 
last lens surface. BF (back focus) is a unit Which is expressed 
upon air conversion of a distance from the last lens surface up 
to a paraxial image plane. 
When x is let to be an optical axis With a direction of 

traveling of light as a positive (direction), and y is let to be in 
a direction orthogonal to the optical axis, a shape of the 
aspheric surface is described by the folloWing expression. 

Where, r denotes a paraxial radius of curvature, K denotes 
a conical coe?icient, A4, A6, A8, A10, and A12 denote 
aspherical surface coef?cients of a fourth order, a sixth order, 
an eight order, a tenth order, and a tWelfth order respectively. 
Moreover, in the aspherical surface coe?icients, ‘e-n’ 
(Where, n is an integral number) indicates ‘ l0_”’. 

Examplel 

Unitrnm 

Surface data 

Surfaceno. r d nd yd 

1 15.349 0.50 1.94595 17.98 
2 11.357 3.50 1.77250 49.60 
3* 363.846 Variable 
4* -8871.915 0.50 1.83481 42.71 
5* 5.391 1.65 
6 16.952 1.50 1.94595 17.98 
7 -20.046 0.50 1.77250 49.60 
8* 7.090 Variable 
9(8) 00 0.30 
10* 2.885 1.50 1.49700 81.54 
11* -16.218 0.10 
12 3.814 0.50 2.00170 20.64 
13* 2.544 Variable 
14 -9.459 1.50 1.74320 49.34 
15* —6.453 Variable 
16 oo 0.40 1.54771 62.84 

17 oo 0.50 

18 oo 0.50 1.51633 64.14 
19 oo 0.37 














